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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 



The present invention re.ates to a method lor reverse ^^.^^^^ ^ ^ 9 
mRNA. in addition, the present invention relates to a method for improving heat stabilrty of RNA. 

10 2. Related Art 
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whole transcription unit including its 5' end is extremely low. This technical «,on ^ thej y 

is. most of cloned cDNAs synthesized from the poly A at the 3' end using an *go dT as a pnme hav e on y 

and do not have the full length because of the premature ^^ - m S^jSa?S?I, unfoH the 

made to overcome this problem. For example proposed that methylmercury 

secondary structure before the synthesis* the » <*™™ of the syntheSiS 

pir^ 

tion which can prevent inactivation of the enzyme by heat. i.e.. actvateit at an ■ elevatec i tempera u 

Se reverse transcriptase is used and. as a result, provtf e a ^ of mRNA 

vide a full length cDNA with high reliability by using a h ^^^JS3S^ transcription of mRNA 

The fourth object of the preventions ^ 
over the lull length of mRNA even rf a ^g cha,n niRNA ,s used ^ whlcn can ^ 
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vtfon of reverse transcriptase is present, in particular, when a buffer agent such as Tns * further present 

present simultaneously. 
SUMMARY OF THE INVENTION 

transcriptase wherein: 

scriptase and a chelating agent for the metal ions. 

Another preferred errt>odiment of the invention is a method for preparing a cDNA from a mRNA using a reverse 

transcriptase wherein: 

scriptase and a chelating agenl for the metal ions. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig 1 is a photograph showing the results of agarose gel electrophoresis obtained in Example 1 . 
fJ 2 is a photograph showing the results of agarose gel electrophoresis obtamed ,n Example 2. 

DETAILED DESCRIPTION OF THE INVENTION 

The first embodiment of the method for preparing a cDNA from a mRNA using a [^^^SSS^ 
represent inven«onischaracterized in thatthereversetranscr^^ 
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The chain length of the mRNA used for the method of the present invention is not particularly limited. However, it 
is c^^m^Lsary to use the present invention for a short chain mRNA which does not take a secondary struc- 
ur dSt tD obta,n reverse transition producing a full length cDNA as to a mRNA of 4 kbp or more 
part aT 7 ^or more. Therefore, from this pcnnt of view, the method of the present invention is c^cula y usefu 
Er'S^Smc^ of a mRNA of 4 kbp ore more, in part.cular, 7 kbp or more. Howler, a mRNA of less than 
4 kbp is not excluded from the objective of the present invention. 

The second embodiment of the method for preparing a cDNA from a mRNA using a reverse transcriptase accord- 
ing to^e ^Tin is characterized in that it uses a heat-labile reverse transcriptase and the reverse transcrip- 
tion is performed in the presence of a substance exhibiting chaperone function. 

n Wesl invention, the heat-labile reverse transcriptase means a reverse transcript se exh.b ing , an optmum 
temperature of 45°C or lower Examples of such a heat-labile reverse transcriptase include Superscript II, AMV rsverse 
transcriptase MuLV reverse transcriptase and the like, but it is not limited to these. 

ASerse^anscriptase usually used at an ordinary tenperature such as Superscript II exhibits a lower activity at a 
temp Jlre of 45X <J more compared to the activity at the optimum temperature and exhibrts subs tantially no activr* 
a, a SeraLe higher than a certain level. Further, rf such a reverse transcriptase is maintained at a terrpe^ature °f 
! oTgher for a carta* period of time, rt no longer exhibits the activity even though it ,s returned to room tempera- 

tUre 'ln particular when the chain length of mRNA is long, the reverse transcription is likely to prematurely terminate 
befo e a coS e cDNA ,s synthesized because of inactivation of the enzyme by heat and hence Jul. length ,m 
fon b^omes diflicuh. Therefore, according to the present invention, a substance exhibiting ^aperone function « 
adde^o the reverse transcription system so that the activity of the reverse transcriptase can be ma.ntamed even at an 
elevated temperature (it is possible to prevent reduction of the activity and inact.vation by heat). 

ExampS of the substance exhibiting chaperone function include saccharides, amino acKfe, P°*0^?*«™ 
derivatives and chaperone proteins. However, the substance is not limited to these. The "chaperone function means 
a functioTfor renatlg proteins denatured by stress such as heat shock, or a function for preventing complete dena- 
turation of Droteins by heat to maintain the native structure. 

Sa^ ot the saccharide exhibiting the chaperone function include oligosaccharides and monosaccharides 
such as trehalose, maltose, glucose, sucrose, lactose, xylobiose. agarobiose. cellobiose. levanbiose. qurtobiose, 2 -p- 
alucuronosylglucuronic acid allose, altrose, galactose, gulose. idose. mannose. talose. sorbrtol. levulose, xylitol and 
a ab^Sever the saccharide is not limited to these. Those saccharkies mentioned above can be used alone or ,n 
a^rnbinTL hereof. Among these, trehalose, sorbrtol, xylrtol, levulose and arabitol exhibrt strong chaperone func- 
tion and marked effect for activating enzymes at an elevated temperature. 

Exarr^es of the amino ackis and derivatives thereof include N°-acetyl-p- lysine, alanine r™2J£«J 
betain N -carbamoyl-L-glutamine 1-amide, choline, dimethylthetine. ecotine (1,4.5,6-tetrahydro-2-m^-4-p.rymi- 
carboxilic add) gJmate. p-glutammine, glycine, octopine. proline, sarcosine. taurine and trymethylamine N- 
oxide (TMAO). However, the amino acids and derives thereof are not limited to these. Those amino acids mentioned 
Sole can be used alone or in any combination thereof. Among these, betain and sarcosine exhibit strong chaperone 
funrtion and marked effect for activating enzymes at an elevated temperature. 

Z s^bsT S! xhSing chaperone function inCude polyalcohols. The saccharkies are included in p^lcohofc 
and other examples of the polyalcohols include glycerol, ethylene glycol, polyethylene glycol and the l,ke. Those poly- 

alcohols can be used alone or in any combination thereof. 

^substance exhibiting chaperone function include chaperone proteins. Examp^s of 
include chaperone proteins of Thermophiric bacteria and heat shock proteins such as HSP 90, HSP 70 and HSP 60. 
Tho<;e chaoerone proteins can be used alone or in any combination thereof. 
« ^SSZ*. exhibting chaperone function show different optimum concentrations for stab.hz.ng *e enzyme 
depending on the kind of the enzyme and the optimum concentration may vary among the substances for the same 
enzymeTereTore. a concentration of particular substance to be added to a specHic reaction system may be suitably 
decided depending on the kinds of the substance and the enzyme such as reverse trans ™^ se a 

To enhance the effect of the substances exhibrting chaperone function such as saccharides, ammo ^ ac,d sor chap 
so erone proteins, one or more kinds of pdyalcohols may be used in addition to one ore "™ * tne above sub- 
stances Examples of the polyalcohol include glycerol, ethylene glycol, polyethylene glycol and the like. 

Te STd errLimentTthe method for preparing a cDNA from a mRNA using a reverse transcriptase according 
to the present invention is characterized in that it is carried out by using a heat-resistant reverse transc *iptase 

in the present invention, a heat-resistant reverse transcriptase refers to a reverse transcriptase ™^ ™ <*J™ 
55 temperature of about 40°C or more. Examples of such a heat-resistant reverse transcriptase include Tth polymerase, 
but the heat-resistant reverse transcriptase is not limited to this. 

Tth polymerase sh0 ws an optimum temperature of 70*C and can catalyze the reverse transcnpton wrth a h.gh 

activity in the above temperature range of 45°C or higher. 
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The fourth embodiment of the method for preparing a cDNA from a mRNA using a reverse transcriptase according 
to the present invention is characterized in that, when the reverse transcription is performed in the presence of the metal 
ions necessary for activating the reverse transcriptase, a chelating agent for the metal ions .s used simultaneously. 

Enzymes may require metal ions for their activation. For example, Superscript II. which is a reverse transcriptase, 
requires magnesium ions for its activation. However, in a buffer containing magnesium ions such as a Tris buffer, frag- 
mentation of mRNAs may proceed under the temperature condition mentioned above and hence it is difficult to obtain 
full length cDNAs Likewise, Tth polymerase requires manganese ions as metal ions for its activation. However, also in 
a buffer containing manganese ions such as a Tris buffer, fragmentation of mRNA may actively proceed under the tem- 
perature condition as mentioned above and hence it is difficult to obtain full length cDNAs. 

To solve this problem, according to the method of the present invention, a chelating agent for metal ions is added 
to the system so that the activity of reverse transcriptase should be maintained and the fragmentation of mRNAs can 
be prevented However if all of the metal ions necessary for the activation of the reverse transcriptase are chelated, the 
reverse transcriptase loses its activity. Therefore, it is suitable to use a chelating agent of comparatively weak chelating 

^Examples of such a chelating agent of comparatively weak chelating power include deoxynucleotide triphosphates 
(dNTPs) The chelating agent of comparatively weak chelating power is suitably used in an approximately equimolar 
amount of the metal ion. When a deoxynucleotide triphosphate is used as the chelating agent, for example, it is suitable 
to add an approximately equimolar amount of deoxynucleotide triphosphate as to the metal ion. Accordingly, the 
amount of the chelating agent can be suitably decided with consideration to the chelating power as to the objective 
metal ion so that the reverse transcriptase activity can be maintained and the fragmentation of mRNAs can be pre- 
vented The deoxynucleotide triphosphates, dATP. dGTP, dCTP and dTTP, may be used alone or in any combination 
thereof. All of the four kinds of dNTPs, dATP, dGTP, dCTP and dTTP, may be used together. Since these can serve also 
as substrates of the reverse transcription, all of them are usually used together. 

A preferred, but non-limitative embodiment of the method for preparing a cDNA from a mRNA using reverse tran- 
25 scriptase according to the present invention is a method characterized in that: 

(1 ) the reverse transcription is performed at a temperature at which the mRNA does not take a secondary slructure, 
for example, a temperature of 45 to 90 °C, particularly preferably a temperature of around 60°C, 

(2) the reverse transcription is performed in the presence of one or more substances exhibiting chaperone function 
so and one or more polyalcohols, and 

(3) the reverse transcription is performed in the presence of metal ions necessary for activation of the reverse tran- 
scriptase and a chelating agent for the metal ions. 

For example, the method is performed by using Seperscript II as the reverse transcriptase in a Tris buffer containing 
as deoxynucleotide triphosphates as the chelating agents and magnesium ions. 

The fifth embodiment of the present invention which is a method for improving heat stability of RNAs in a solution 
containing metal ions is characterized in that the solution further contains a chelating agent for the metal ions. 

As mentioned above, enzymes may require metal ions for their activation and in a Tris buffer containing metal ions 
such as magnesium ions, fragmentation of mRNAs may proceed under an elevated temperature. In the fifth embodi- 
w ment of the present invention, a chelating agent for the metal ions is added to a solution containing RNAs for improve- 
ment of heat stability. _, . . 

A chelating agent for metal ions is added to the solution so that the fragmentation of mRNAs can be prevented and 
if reverse transcriptase coexists, the activity of reverse transcriptase should also be maintained. However, if all of the 
metal ions necessary for the activation of the reverse transcriptase are chelated, the reverse transcriptase may lose its 
45 activity. Therefore, it is suitable to use a chelating agent of comparatively weak chelating power. 

Examples of such a chelating agent of comparatively weak chelating power include deoxynucleotide triphosphates 
(dNTPs) The chelating agent of comparatively weak chelating power is suitably used in an approximately equimolar 
amount of the metal ion. When a deoxynucleotide triphosphate is used as the chelating agent, for example, it is suitable 
to add an approximately equimolar amount of deoxynucleotide triphosphate as to the metal ion. 
so Accordingly, the amount of the chelating agent can be suitably decided with consideration to the chelating power 
as to the objective metal ion. so that the reverse transcriptase activity can be maintained and the fragmentation of 
mRNAs can be prevented. The deoxynucleotide triphosphates, dATP, dGTP. dCTP and dTTP, may be used alone or in 
any cont)ination thereof. All of the four kinds of dNTPs. dATP, dGTP, dCTP and dTTP, may be used together. Since 
these can serve also as substrates of the reverse transcription, all of them are usually used together. 
55 The solution containing RNAs can further contain one or more polyalcohols such as glycerol. 

According to the fifth embodiment of the present invention, heat stability of RNAs is improved even though the an 
RNA containing solution further contains metal ions such as magnesium ions or manganese ions and/or 
tris(hydroxymethyl)aminomethane. In addition, the above improvement is obtainable, for example, at a temperature of 
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40-1 00°C, preferably 45-90°C. 
EXAMPLES 

The present invention will be further explained in detail with reference to the following examples. 
Example 1 

Stability of mRNA in metal ion-containin g buffer optionally containing dNTP 

To examine stability of RNAs in a buffer (50 mM Tris, pH 8.3, 3 mM MgCI 2 ) containing several additives, total River 
RNAs were incubated in various buffer solutions of the compositions listed below. 



Table 1 
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Lane 



1 
2 
3 
4 
5 
6 
7 



50 mM Tris, pH 8.3, 3 mM MgCI 2 , 15% (v/v) glycerol 

50 mM Tris, pH 8.3, 3 mM MgCI 2 

50 mM Tris, pH 8.3, 3 mM MgCI 2 , 2 mM dNTP 

50 mM Tris, pH 8.3, 3 mM MgCI 2 , 3 mM dNTP 

50 mM Tris, pH 8.3, 3 mM MgCI 2 , 4 mM dNTP 

50 mM Tris, pH 8.3, 3 mM MgCI 2 , 3 mM dNTP, 15% glycerol 

Sterilized water 



To visualize fragmentation of RNAs after the incubation, the samples were subjected to agarose gel electrophore- 
sis as described by Sambrook (Molecular Cloning, The second edition pp. 7.43-7.45). The gel was stained wrth eth.d- 
ium bromide and the degree of the RNA fragmentation was evaluated by comparing relative band intensities of rRNA. 
The results of the agarose gel electrophoresis are shown in Fig. 1 (Lanes 1 -7). 

As shown in Lane 1 the RNAs were not sufficiently protected from the fragmentation by glycerol in the presence 
of magnesium ion (free Mg 2+ ) of high concentration, i.e.. when incubated in 50 mM Tris, pH 8.3, 3 mM MgCI 2 15% (v/v) 
glycerol. In fact, the degree of the fragmentation was similar to that obtained in 50 mM Tris. pH 8.3, 3 mM MgCI 2 in the 
absence of glycerol (Lane 2). . 

As shown in Lane 3. the fragmentation of RNA was not prevented yet by treatment with 50 mM Tris, pH 8.3, 3 mM 

MgCI 2 , 2 mM dNTP. 

On the other hand, the fragmentation of RNA was partially prevented in the condition of 50 mM Tris, pH 8.3, 3 mM 
MgCU 3 mM dNTP (same molar concentrations of Mg 2+ and NTP) as shown in Lane 4. 

Further as shown in Lane 5. in 50 mM Tris, pH 8.3, 3 mM MgCI 2 , 4 mM dNTP, i.e., in a condition that the concen- 
tration of NTP was higher than that of Mg 2+ by 1 mM, the RNAs were very stable. Howe/er, it was also found that the 
activity of the reverse transcriptase is reduced under this condition. 

So 15% glycerol was added to 50 mM Tris, pH 8.3, 3 mM MgCI 2 . 3 mM dNTP (same molar concentrations of NTP 
45 and Mg 2+ ) and the RNAs did not undergo fragmentation under this condition as shown in Lane 6. It was also found in 
a separate experiment that the activity of reverse transcriptase was completely maintained under this condition. 

Under the condition of Lane 6, stability of the RNAs was almost similar to that obtained in Lane 7, i.e., in sterilized 
water. 

so Example 2 

im prnv/pmAnt of reverse transcription ef f iciency bv making reverse transcripts heat-resistant 

To examine reverse transcription activity under the novel condition of Lane 6, cDNAs were synthesized using RNAs 
55 as template. The RNAs were transcribed in vitro by T7 RNA polymerase as mentioned below. The RNAs were prepared 
by transcribing pBluescript II SK, which had been cleaved into a linear form with a restriction enzyme A/of I. m vitro with 
T7 RNA polymerase. This reaction was initiated from T7 promoter described in the instruction of pBluescr.pt II SK. 
The resulting products were evaluated. By using RNAs as a template transcribed in vitro and evaluating the prod- 
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ucts by electrophoresis, reverse transcription efficiencies of the samples can be compared with one another and 
thereby non-specific transcription termination which leads to premature termination of reverse transcription and/or 
reduction of reaction efficiency can be evaluated. 

As a control, the following standard buffer condition was used: 50 mM Tris-HCI. pH 8.3. 75 mM KCI, 3 mM MgCI 2 , 

5 iomMdithiothreitol,0.75mMeachofdNTPs(dATP,dGTP,dCTPanddTTP). ~ rTrT4 
In the above standard buffer condition, 1 jig of template RNA, 400 ng of primer (20mer SK primer, CGCTCTA- 
GAACTAGTGGATC) and 200 units of Superscript II were prepared and the final volume was adjusted to 20|il. 0.2 |H of 
[a- 32 P]dGTP was used for labeling of reverse transcription products. The RNA and the primer were incubated at 65'C 
before the other substrates were added. Then, the reaction was performed at 42«C for 1 hour. The reaction products 

io were subjected to denaturing agarose electrophoresis and electrophoretic patterns were examined by autoradiography 
to evaluate recoveries of full length cDNAs and rates of short products obtained from incomplete elongation. The results 

are shown in Lane 1 of Fig. 2. 

The reverse transcriptase Superscript II was inactivated at a temperature of 50°C in the above standard buffer con- 
is drt '°The following buffer condition for reverse transcription was used to verify that addition of oligosaccharide stabilizes 
the enzyme reaction: 50 mM Tris-HCI, pH 8.3, 75 mM KCI, 3 mM MgCI 2 , 10 mM drthiothreitol, each 0.75 mM of dNTPs 
(dATP dGTP dCTP, dTTP), 20% (w/v) trehalose and 20% (v/v) glycerol. 

1 ng of template RNA 400 ng of primer (20mer SK primer) and 200 units of Superscript II were reacted in 24 |il of 
aqueous solution under the above buffer condition. 0.2 )i\ of [a- 32 P]dGTP was used for labeling of reverse transection 
20 products Under this condition, the reverse transcriptase Superscript II exhibited higher activity than the control reaction 
al a normal temperature (42'C). The primer and the template RNAs were annealed at 37«C for 2 minutes and the 
enzyme activity was measured at 60°C. 

The reaction products were subjected to denatured agarose electrophoresis as described above, and electro- 
phoretic patterns were examined by autoradiography to evaluate recoveries of full length cDNAs and rates of short 
25 products obtained from incomplete elongation. The results are shown in Fig. 2. 

As shown in Lane 1 , products resulted from premature termination of reverse transcription at specific sites or non- 
specific termination of reverse transcription were seen under the standard buffer condition at 42°C. 

As shown in Lane 2, at 42°C as in Lane 1, such products resulted from premature termination as mentioned above 
were also observed even though 20% trehalose and 20% glycerol were added. 
30 As shown in Lane 3, when the temperature was raised to 60 »C , the amount of products obtained from prematurely 
terminated synthesis became very small and full length products were synthesized. 

As shown in Lane 5 when 0. 1 25 (ig/fil of BSA was added to the condition of Lane 3. the enzyme activity was further 
stabilized. However, BSA alone without 20% trehalose and 20% glycerol did not make the enzyme sufficiently heat- 

35 iTshown in Lane 4 when 0.05% of Triton X1 00 was added to the condition of Lane 3, the amount of incomplete 
reverse transcription products was further reduced. However, the whole activity of the reverse transcriptase was slightly 

When the reaction was performed under the same condition as Lane 3 except that glucose or mattose was used 
instead of trehalose, the electrophoretic pattern showed again that the amount of products obtained from prematurely 
40 terminated synthesis became very small and full length products were synthesized. 

Synthesis of cDNA from mRNA template 

From the findings in the above Examples 1 and 2, it became clear that cDNAs could be synthesized with high effi- 
ciency starting from mRNAs by using the buffer condition of 50 mM Tris-HCI, pH 8.3, 75 mM KCI, 3 mM MgCI 2 , 10 mM 
dithiothreitol 0 75 mM each of dNTPs, 20% (w/v) trehalose and 20% (v/v) glycerol. The reaction conditions were as fol- 
lows 1 ug of template RNA, 400 ng of oligo-dT(12-18) primer and 200 units of Superscript II were reacted in a volume 
of 24 nl in the presence of [a - 32 P]dGTP. the primer and the template RNAs were annealed at 37°C for 2 minutes and 
the enzyme activity was measured at 60°C. . 
The obtained first strand cDNA chains are used in long RT-PCR or in construction of full length cDNA libraries. 
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Example 3 

Reaction was performed under the same condition as Lane 3 of Example 2 except that arabitol, sorbitol, levulose, 
xylitol or betain was used instead of trehalose. The electrophoretic pattern showed again that the amount of products 
obtained from prematurely terminated synthesis became very small and full length products were synthesized as in 
Lane 3 of Example 1 . 
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Claims 

1 . A method for preparing a cDNA from a mRNA using a reverse transcriptase wherein reverse transcription ts per- 
formed at a temperature at which the mRNA do not take a secondary structure. 

2. The method of claim 1 wherein the reverse transcription is performed at a temperature of 45°C or more. 

3. The method of claim 2, wherein the reverse transcription is performed at a temperature of 45-90°C. 

w 4. The method of any one of claims 1 to 3, wherein the reverse transcription is performed by using a heat-labile 
reverse transcriptase in the presence of a substance exhibiting chaperone function. 

5. The method of claim 4, wherein the substance exhibiting chaperone function is one or more substances selected 
from the group consisting of saccharides, polyalcohols, amino acids and their derivatives, and chaperone proteins. 

15 

6. The method of claim 5, wherein the saccharide is one or more saccharides selected from the group consisting ot 
trehalose, maltose, glucose, sucrose, lactose, xyiobiose, agarobiose, cellobiose, levanbiose, quitobiose, 2- p - glu- 
curonosylglucuronic acid, allose, altrose, galactose, gulose, idose, mannose, talose. sorbitol, levulose, xylitol and 
arabitol. 

20 

7. The method of claim 5, wherein the saccharide is trehalose, sorbitol, levulose, xylitol or arabitol. 

8 The method of claim 5, wherein the amino acid or derivative thereof is one or more members selected from the 
group consisting of N e -acetyl-p- lysine, alanine, y-aminobutyric acid, betain, N « -carbamoyl- L-glutamine 1 -amide. 
25 choline, dimethylthetine, ecotine, glutamate, p-glutammine, glycine, octopine, proline, sarcosine, taurine and 
trymethylamine N-oxide. 

9. The method of claim 8, wherein the amino acid or derivative thereof is betain or sarcosine. 

30 10. The method of claim 5, wherein the chaperone protein is selected from those of Thermophiric bacteria and heat 
shock proteins. 

11 . The method of any one of claims 4 to 1 0, wherein the reverse transcription is performed in the presence of one or 
more substances exhibiting chaperone function and one or more polyalcohols. 

35 

12. The method of any one of claims 1 to 3, wherein the reverse transcription is performed by using a heat-resistant 
reverse transcriptase. 

13. The method of claim 12, wherein the heat-resistant reverse transcriptase is Tth polymerase. 

40 . 

14. The method of anyone of claims 1 to 13, wherein the reverse transcription is performed in the presence of metal 
ions necessary for activation of the reverse transcriptase and a chelating agent for the metal ions. 

15. The method of claim 14, wherein the metal ions are magnesium ions or manganese ions. 

45 

16. The method of any one of claims 13 to 15, wherein the chelating agent is one or more of deoxynucleotide triphos- 
phates. 

17. A method for improving heat stability of RNAs in a solution containing metal ions wherein the solution further con- 
so tains a chelating agent for the metal ions. 

18. The method of claim 17, wherein the chelating agent is one or more of deoxynucleotide triphosphates. 

19. The method of claim 17 or 18, wherein the metal ions are magnesium ions or manganese ions. 

55 

20. The method of any one of claims 17 to 19. wherein the heat stability is improved at a temperature of 40-1 00°C. 

21 . The method of any one of claims 17 to 20, wherein the solution further contains one or more polyalcohols. 
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22. The method of claims 21, wherein the polyalcohol is glycerol. 
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Fig. 1 



1 2 3 4 5 6 7 




1) RT buffer, glycerol (15X) 

2) RT buffer, 

3) RT buffer, 2 mM dNTP's 

4) RT buffer, 3 mM dNTP's 

5) RT buffer, 4 mM dNTP's 

6) RT buffer, 3 mM dNTP's. glycerol (15X) 

7) Control : dd HA 



RT buffer: 3 mM MgCI ; , 50 mM Tris, pH 8.3, 75 mM KCI, 10 mM DTT. 
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F i g. 2 



XI 2 3 4 5 X 




A ^Lambda HinDI 1 1 marker 

1) Standard "optimized" buffer condition: Reaction temperature 42°C 

2) Buffer containing trehalose (20%) and glycerol (20%): 
Reaction temperature 42°C 

3) Buffer containing trehalose (20%) and glycerol (20%) : 
Reaction temperature 60°C 

4) Buffer containing trehalose (20%), glycerol (20%) and Triton 
X-100 (0.05%): Reaction temperature 60°C 

5) Buffer containing trehalose (20%), glycerol (20%) and BSA 
(125 ng/|il): Reaction temperature 60°C 

Superscript II is inactivated at a temperature of 50°C or more under 
the standard buffer condition (not shown). 
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